In massive specimens, no orientation of the overgrown grains was observed. In bedded specimens, slight alignment of the long axes of detrital grains parallel to the bedding is preserved in the overgrown grains.
The ratio of pore space to grain space in thin sections of three typical massive rocks taken from the rim is 0.18, 0.16, and 0.09; the average porosity of laminated rocks, determined in this way, is considerably less and is generally less than 10%. Variation in porosity on both a large scale and a small scale (locally within a hand specimen or thin section) has In detail, the pore shapes are extremely .complex and irregular; in some places, small channels connect the major pores. The pores are generally elongate, but the smaller pores may be equant. The shape of the pores is controlled by (1) the packing of the grains and (2) irregularities on the surfaces of the grains themselves. The latter effect is minor, except for sets of intersecting crystal faces on the secondary quartz, which form sharp corners on the pore wall. The three most frequent shapes of grain surfaces observed on a pore wall are (1) rounded (portions of approximately spherical or elliptical grains), (2) planar (recrystallized quartz faces), and (3) angular (intersecting crystal faces). [1964] suggested that the texture of these cleavages was sufficiently different from the texture of quartz deformed by other geologic processes to serve as an indicator of an impact event.
PR•w•ovs STVD•SS o• S•OCKSD COCON
'Variety B' of the shock metamorphosed sandstone, as defined by the early explorers at Meteor Crater, has a very cellular, pumiceous structure. The density is so low that it will float on water. Under the microscope it was recognized to be composed mostly of amorphous silica, lechatelierite, with scattered particles of crystalline quartz. Fairchild [1907] * Numbers correspond to numbers on curves in In thin section, quartz grains are observed to be fractured throughout and altered on the boundaries. The grains, which are approximately the same size as the original grains, cover 80 to 95% of the area of the thin sections. There is no petrographically observable porosity in these rocks, and the quartz grains interlock with 
SI-IOCI(-WAVE CONDITIONS AT •IETEOR CRATER
The shock wave generated by the impact event at Meteor Crater consisted of a relatively sharp rise to peak pressure, the shock front, and a slower decay to ambient pressure, the rarefaction [Shoemaker, 1963; Bjork, 1961] . The shock structure is shown schematically in Figure  13 For a given grain size, the length of time until equilibration occurs is governed by the porosity. The length of time to reach an oscillation of 1/e of the peak pressure varies from a few tenths of a microsecond for the case of 5% porosity to several microseconds for 35% porosity. Thi.s corresponds to the passage of the shock through four grains in a 5% porosity material and through more than 15 grains of 35% porosity. These equilibration t.imes are appropriate to the one-dimensional model and can only describe qualitatively the rate of approach to equilibrium.
It is not directly predictable from a macroscopic model of the shock process that the peak pressure (105 kb in the sample case of 25% porosity shown in Figure 15 ) seen by individual grains in a porous material is much greater than the final equilibration pressure (63 kb). It has been hypothesized [Shipman and Gregson, 1970] suggests an additional reason why the phase changes appear to proceed at lower final equilibration pressures; peak shock pressures in the grains may be comparable to single-crystal transition pressures, even though the final equilibration pressure is less, and significant residence time may be spent at the higher pressures. 'Points' and irregularities in geometry in real sand grains may create spots of even locally greater pressure than predicted by the onedimensional model.
With the use of this model, the effect of nonuniform porosity, due either to bedding or to local variations in porosity, was examined. Regions of locally varying porosity in the original material affect the shock and cause relatively hotter and cooler spots to form as the shock wave passes. The 'hot spots' are the focus of energy deposition and might be expected to contain areas of more highly metamorphosed grains. A few specific cases of variable porosity were examined. Because of the multitude of variations in porosity that could exist in a sandstone, local temperature increases of 100 ø seem plausible because of this mechanism (at peak pressures of 100 to 200 kb). Variations of initial porosity may cause variations of deposition of energy over a distance of several grain widths. To explain the observed relationships of fracturing and high-pressure phases in the shocked Coconino, however, a mechanism is required that will allow deposition of energy locally at the grain boundaries. This mechanism does not appear to be available in the one-dimensional model [Kieffer, 1970] Table 2 line coesite were temporarily shocked to pressures near 300 kb and that all the quartz in the core region was converted to stishovite or to a glass with Si in sixfold coordination. Owing to the decrease in entropy in conversion of quartz to the high-pressure phase, these regions became hot. Temperature gradients from 2ø//• to 10ø//• may have existed between these core regions and adjacent quartz [Kieffer, 1970] . (The temperature gradient depends on the pressure at which quartz is converted to stishovite, being higher at higher pressures.) Local peak pressures sufficient to form stishovite were maintained for only a few microseconds, and during this time radiation and conduction could not appreciably decrease the temperature grad- 
